PRIMERS FOR DETECTING FU SOB ACT E R I UM NUCLEATUM BY PCR METHODS 

AND METHODS FOR DETECTION 



Field of the Invention 

The present invention relates to a method for 
specifically detecting or quantifying Fusobacterium 
nucleatum, which is a suppurative disease-related bacteria 
and also is a halitosis-causing bacteria. 

Background of the Invention 

In general, detection of microorganisms such as 
bacterium has been conducted by cultivation such as 
proliferative cultivation or separate cultivation, and it 
is required to make single colonies grow, whereby taking 
several days or several weeks. Moreover, the isolated 
microorganisms is further proliferated in order to conduct 
morphological observation, cell staining such as Gram 
staining, investigation of various biochemical 
characteristics including propionic acid production test, 
saccharide catabolism test and the like. Thus, the 
identification of microorganisms employing the cultivation 
method has involved facility-dependency, time-consuming and 
less cost-efficient . 
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As a method to overcome defects of the cultivation 
method, a PCR (polymerase chain reaction) method has recently 
been employed for the identification of microorganisms . The 
PCR method permits a rapid and high sensitive identification 
of microorganisms. However, the PCR method needs to use 
primers, and detection or identification of a target 
microorganism is dependent on designs of the primers. 

On the other hand, as bacteria of the Fusobacterium 
genus which can be isolated from a human oral cavity, there 
has been known Fusobacterium naviforme, Fusobacterium 
periodonticum, Fusobacterium necrophorum, Fusobacterium 
varium, Fusobacterium russii, Fusobacterium nucleatum 
(hereinafter referred to as Fn microorganism) and the like. 

The Fn microorganism, which is also known as a 
halitosis-causing bacterium, decomposes a sulfur-containing 
amino acid and a peptide containing such a sulfur-containing 
amino acid which are present in an oral food debris or detached 
mucosa to produce volatile sulfide compounds (hereinafter 
referred to as VSC) . To the contrary, the VSC production 
ability of any bacteria of the Fusobacterium genus other than 
the Fn microorganism is not as high as that of the Fn 
microorganism. In addition, the Fn microorganism is 
suggested to be related with periodontal diseases since it 
has a specific ability of being coaggregated with periodontal 
pathogens such as Porphyromonas gingivalis and Prevotella 



intermedia . 

Accordingly, the Fn microorganism is a particularly 
important strain among the bacteria of the Fusobacterium genus . 
Nevertheless, the Fn microorganism is very difficult to be 
isolated for the culture, since it has a remarkably analogous 
relationship with other bacteria of the Fusobacterium genus, 
and no selective medium capable of specifically detecting 
the Fn microorganism has been developed. 

As an attempt to detect and identify an Fn microorganism, 
a method for detecting a bacterium was reported in which the 
16S ribosomal DNA (hereinafter referred to as 16S rDNA) of 
a test microorganism was extracted and a PCR is conducted 
using, as primers, the oligonucleotides consisting of several 
ten nucleotide sequences complementary to parts of this DNA 
(see Conrads, G. et al., J. Endodontics. 25:433-438, 1997). 
Nevertheless, the conventional PCR method has not been able 
to detect the Fn microorganism specifically. 

Summary of the Invention 

The present invention provides a method for detecting 
and/or quantifying Fusobacterium nucleatum by a PCR method 
employing the following primers (1) and (2) : 

(1) a forward primer, comprising a nucleotide sequence 
which is depicted as a portion of SEQ ID No. 1 and has at least 
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ten nucleotides in length; 

(2) a reverse primer, comprising a nucleotide sequence 
which is depicted as a portion of a sequence complementary 
to SEQ ID No. 2 and has at least ten nucleotides in length. 

Detailed Description of the Invention 

The present invention provides a simple and rapid 
detection method which is capable of distinguishing an Fn 
microorganism specifically among the bacteria of the 
Fusobacterium genus and which also capable of distinguishing 
from human-derived DNAs contaminating a biological sample. 

Inventors of the present invention investigated the 
ribosomal DNA of the Fn microorganism to find that the 16S 
rDNAs are remarkably analogous between closely related 
species among the Fusobacterium genus, and therefore it is 
difficult to detect or identify the Fn microorganism by a 
PCR method simply using primers prepared so as to have a 
nucleotide sequence in a region of 16S rDNA. On the other 
hand, a 23S ribosomal DNA (hereinafter referred to as 23S 
rDNA) is analogous with the human gene DNA, and therefore 
it is not desirable for a case of analyzing a biological sample 
such as a supragingival plaque, subgingival plaque, tongue 
plaque, saliva, gingival crevice fluide, blood, 
cerebrospinal fluid, suppurative focus or other tissues. 
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Hence , in the present invention, a PCR method is 
conducted in a combination use of "a forward primer with a 
consecution of 10 or more nucleotides" which has a nucleotide 
sequence contained in the 16S rDNA and/or an adjacent spacer 
(a region represented by SEQ ID No. 1) and "a reverse primer 
with a consecution of 10 or more nucleotides" which has a 
nucleotide sequence contained in the 23S rDNA (a sequence 
complementary to a region depicted as SEQ ID No. 2) . Thus, 
such a combination use makes it possible to achieve a simple 
and rapid detection, which is capable of specifically 
distinguishing the Fn microorganism and also capable of 
distinguishing from human-derived DNAs contaminating a 
biological sample . 

Brief descriptions of the accompanying drawings are 
as follows: 

FIG. 1 shows the structure of the DNA encoding an rRNA; 

FIG. 2 shows the results of the electrophoresis of a 
PCR amplification product of Fusobacterium nucleatum in 
Example 1; 

FIG. 3 shows the results of the electrophoresis of 
amplification products of the bacteria of the Fusobacterium 
genus other than Fusobacterium nucleatum and also of 
human-derived cells; 

FIG. 4 shows the results of PCRs of biological samples 
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including (1) saliva, (2) tongue plaque, (3) subgingival 
plaque and (4) oral mucosa; and, 

FIG. 5 shows the results of a semi-nested PCR of a 
biological sample. 

In the present invention, a forward primer comprising 
a nucleotide sequence which is depicted as a portion of SEQ 
ID No.l and has at least 10 nucleotides in length has, as 
its partial or entire sequence, a nucleotide sequence which 
relates to SEQ ID No.l and has at least 10 nucleotides in 
length . 

More specifically, the forward primer has, at its 3' 
terminal, a nucleotide sequence having at least 10 nucleotides 
and being same as a part of SEQ ID No. 1, and its 5' terminal 
may be extended by an additional sequence not relating to 
any part of SEQ ID No. 1. 

It is not limited to specific ones with proviso that 
it is capable of hybridizing with a complementary strand of 
SEQ IDNo. 1 ina condition of the PCRmethod described hereafter, 
and not capable of hybridizing with a DNA derived from a normal 
human gingival fibroblast cell. 

The forward primer is preferably designed so as to adapt 
to the following restriction: namely, it is preferable for 
a length of the primer to be in a range of 10 nucleotides 
or more and 40 nucleotides or less, more preferably 12 
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nucleotides or more and 30 nucleotides or less, and even more 
preferably 15 nucleotides or more and 25 nucleotides or less. 
The primer may be designed so as to have a value of Tm within 
a preferable range of 4 0 °C or more and 65 °C or less, and 
more preferably 50 °C or more and 60 °C or less. GC content 
is preferably in a range of 25 % or more and 70 % or less, 
and more preferably 40 % or more and 60 % or less. 

Preferable examples of the forward primer include: 
GTTTGATCCTGGCTCAG (SEQ ID No. 11); CTTAACACATGCAAGTC (SEQ 
ID No. 12); AATGCTTAACACATGCAAGTC (SEQ ID No. 13); 
TCCTACGGGAGGCAGCAGT (SEQ ID No. 14) ; and, GTCTTGTACACACCGCCC 
(SEQ ID No. 15) . 

A reverse primer, comprising a nucleotide sequence 
which is depicted as a portion of a sequence complementary 
to SEQ ID No. 2 and has at least ten nucleotides in length 
has, as its partial or entire sequence, a nucleotide sequence 
which relates to SEQ ID No. 2 and has at least 10 nucleotides 
in length. 

More specifically, the reverse primer has, at its 3' 
terminal, a nucleotide sequence having at least 10 nucleotides 
and being complementary to a part of SEQ ID No. 2, and its 
5' terminal may be extended by an additional sequence not 
relating to any part of SEQ ID No. 2. 

It is not limited to specific ones with proviso that 
it is capable of hybridizing with a DNA strand represented 



7 



by SEQ ID No. 2 in a condition of the PCR method described 
hereafter, and not capable of hybridizing with the 23S rDNA 
derived from any of Fusobacterium periodonticum (ATCC33693) , 
Fusobacter ium necrophorum (ATCC25286) , Fusobacterium varium 
(ATCC8501) . 

The reverse primer is preferably designed so as to adapt 
to the following restriction: namely, it is preferable for 
a length of the primer to be in a range of 10 nucleotides 
or more and 40 nucleotides or less, more preferably 12 
nucleotides or more and 30 nucleotides or less, and even more 
preferably 15 nucleotides or more and 25 nucleotides or less . 

The primer may be designed so as to have a value of Tm within 
a preferable range of 4 0 °C or more and 65 °C or less, and 
more preferably 50 °C or more and 60 °C or less. GC content 
is preferably in a range of 25 % or more and 70 % or less, 
and more preferably 40 % or more and 60 % or less. 

Preferable examples of the reverse primer include: 
GCCATCACCCAAATGG (SEQ ID No. 16); and, AAGAAGGGTAACCGACTT 
(SEQ ID No. 17) . 

In particular, it is preferable to employ a primer set 
using a combination of either the following primers (A) and 
(B) or the following primers (B) and (C) in a viewpoint of 
specifically detecting or identifying the Fn microorganism 
from a biological sample. 

(A) a primer, comprising a nucleotide sequence which 
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is depicted as a portion or a whole of a region between 
nucleotides 1 to 39 of SEQ ID No. 3 and has at least ten 
nucleotides in length; 

(B) a primer, comprising a nucleotide sequence which 
is depicted as a portion or a whole of a sequence complementary 
to a region between nucleotides 863 to 883 of SEQ ID No. 3 
and has at least ten nucleotides in length; 

(C) a primer, consisting of a nucleotide sequence which 
is depicted as a region between nucleotides 1 to 18 of SEQ 
ID No. 3. 

Since a PCR method is conducted using a biological 
sample containing not only a Fn microorganism-derived DNA 
but also a human-derived DNA, a nucleotide sequence of 
nucleotides 1 to 39 of SEQ ID No. 3, which is one of nucleotide 
sequences of the primer (A) , is found as a preferable region 
for distinguishing the DNAs between ordinary bacteria and 
human. This nucleotide sequence was revealed to be present 
at a site consisting of 5 nucleotides at the 3' terminal of 
the 16S rDNA and the 5' terminal side of a spacer region which 
is formed between the 16S rDNA and the 23S rDNA (See FIG. 
1) - 

Subsequently, the above-mentioned oligonucleotide 
primers for the amplification by a PCR method were designed 
and synthesized. When these primers are used in the PCR of 
a biological sample containing the Fn microorganism, the 
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amplification products specific for the Fn microorganism are 
exclusively obtained. 

As a sample usable for detection or identification of 
the Fn microorganism, there may be exemplified oral 
cavity-related biological samples such as a supragingival 
plaque, subgingival plaque, tongue plaque, saliva, gingival 
crevice fluide and the like. In addition, there may also 
be used other biological samples such as blood, cerebrospinal 
fluid, suppurative focus or other tissues. The 
oligonucleotides to be used as primers may be synthesized 
chemically or may be derived from a natural products. 

The primers (A), (B) and (C) , which are preferably used 
in a PCR method according to the present invention, are 
discussed below more in detail. In conducting a PCR, an 
oligonucleotide which has a nucleotide sequence, as its 
partial or entire sequence, being depicted as a portion or 
a whole of a region between nucleotides 1 to 39 of SEQ ID 
No. 3 and having at least ten nucleotides in length and which 
is defined as a nucleotide sequence of the primer (A) , is 
used as a forward primer, while an oligonucleotide which has 
a nucleotide sequence, as its partial or entire sequence, 
being depicted as a portion or a whole of a sequence 
complementary to a region between nucleotides 863 to 883 of 
SEQ ID No. 3 and having at least ten nucleotides in length 
and which is defined as a nucleotide sequence of the primer 
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(B) , is used as a reverse primer. The chain length of the 
each primer is preferably 10 nucleotides or more and 40 
nucleotides or less, more preferably 12 nucleotides or more 
and 30 nucleotides or less, and even more preferably 15 
nucleotides or more and 25 nucleotides or less. 

As the primer (A) , there may be used for example: the 
primer (C) having a nucleotide sequence consisting of the 
following 18 nucleotides AACGTGCGGATGGATCAC; a nucleotide 
sequence of nucleotides 1 to 22 of SEQ ID No. 3, namely 
AACGTGCGGATGGATCACCTCC; a nucleotide sequence of 
nucleotides 7 to 26 of SEQ ID No. 3, namely 
CGGATGGATCACCTCCTTTC; a nucleotide sequence of nucleotides 
12 to 31 of SEQ ID No. 3, namely GGATCACCTCCTTTCTAAGG; and, 
a nucleotide sequence of nucleotide 16 to 33 of SEQ ID No. 3, 
namely CACCTCCTTTCTAAGGAG . 

In a case of conducting a PCR using one kind of the 
primer (B) such as a primer consisting of a nucleotide sequence 
complementary to a region between nucleotides 863 to 883 of 
SEQ ID No. 3 and the primer (C) , the amplification product 
of the nucleotide sequence represented by SEQ ID No. 3 can 
specifically be obtained. The length of a major 
amplification product is calculated to be 883 bp, and a band 
of about 900 bp indicating the amplification product can be 
observed in an electrophoresis image (see FIG. 2) . 

When the cell count of the Fn microorganism in a sample 



11 



is extremely small, or when a further clarified 
electrophoresis image is intended, then a semi-nested PCR 
method is preferably conducted with the use of the three 
primers (A) , (B) and (D) . The primer (D) has a nucleotide 
sequence, as its partial or entire sequence, being depicted 
as a portion or a whole of a sequence complementary to a region 
between nucleotides 124 to 156 of SEQ ID No. 3 and having at 
least ten nucleotides in length. A nucleotide sequence of 
the primer (D) is present in a site called as a spacer region 
between the 16S rDNAandthe 23S rDNA. The nucleotide sequence 
of the primer (D) may be consist of 29 nucleotides, and 
preferably in a range from 15 nucleotides to 25 nucleotides, 
and there may be used a primer (E) having a nucleotide sequence 
consisting of 20 nucleotides, as the primer (D) . The primer 
(E) consists of a nucleotide sequence depicted as a sequence 
complementary to a region between nucleotides 124 to 143 of 
SEQ ID No. 3. 

The semi-nested PCR method comprises two stages of 
amplification. In the first stage of amplification, an 
amplification product containing a target region is obtained. 
Then, the resultant amplification product is usedas a template 
to conduct the second stage of amplification. In this second 
stage, either one of the forward and the reverse primers 
(namely, inner primers) to be used is capable of positioning 
at a site inner than a site where either one of the primers 
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(namely, outer primers) used in the first stage positions, 
whereby excluding the amplification products derived from 
the DNA in a region other than the target region. 

In a case of using the primers (A) , (B) and (D) , the 
first stage of amplification in the PCR is conducted using 
the primers (A) and (B) as outer primers . Then, using a part 
of the sample thus amplified in the first stage, the second 
stage of amplification is initiated. In the second stage 
of amplification, the PCR is conducted using the primers (A) 
and (D) as inner primers . Since a major amplification product 
in such a case is dependent on the primers employed in the 
second amplification stage, it corresponds to a part of the 
nucleotide sequence represented by SEQ ID No. 3. 

As to the outer primers usable in the first 
amplification stage, oligonucleotides other than the primer 
(A) or (B) may be used. For example, an oligonucleotide 
designed based on the nucleotide sequence of the 16S rDNA 
such as C GT C AC AC C AC G AG AGT T GG (namely, nucleotides 138 4 to 
1403 of SEQ ID No. 1) and the like can be used instead of 
the primer (A) . Also instead of the primer (B) , an 
oligonucleotide having a nucleotide sequence complementary 
to a nucleotide sequence designed based on the 23S rDNA such 
as CCATTTGGGTGATGGC (namely, nucleotide 597 to 612 of SEQ 
ID No. 2 ) can be used as the outer primer. 

The primers according to the present invention can be 
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applied also to a nested PCR method. The nested PCR method 
is different from the semi-nested PCR method in that it uses 
an inner primer set in which respective inner primers to be 
used for the both sides are capable of positioning at inner 
sites on the target region rather than the outer primers. 

In addition to the primers (C) and (B) , the followings 
are exemplified as the outer primers which can be used in 
the nested PCR. 

Forward primer: an oligonucleotide which has a 
nucleotide sequence, as its partial or entire sequence, being 
depicted as a portion of a region between nucleotides 1 to 
123 of SEQ ID No. 3 wherein the portion related to the region 
of SEQ ID No. 3 has at least ten nucleotides in length, or 
being depicted as a portion of SEQ ID No. 4 wherein the portion 
related to SEQ ID No. 4 has at least ten nucleotides in length. 

Reverse primer: an oligonucleotide which has a 
nucleotide sequence, as its partial or entire sequence, being 
depicted as a portion of the 23S rDNA(SEQ ID No. 2). 

For example, the first stage of amplification can be 
conducted using, as outer primers, a primer with a sequence 
of CGTCACACCACGAGAGTTGG (nucleotides 1384 to 1403 of SEQ ID 
No. 1) designed based on the nucleotide sequence of the 16S 
rDNA and, a primer with a complementary nucleotide sequence 
corresponding to AAGAAGGGTAACCGACTT (nucleotides 1256 to 
1273 of SEQ ID No. 2) among the nucleotide sequence of the 
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23S rDNA. In such a case, the primer set of (A) and (B) or 
the primer set of (B) and (D) , all of which are inventive 
primers, is preferably used as the inner primers for the 
purpose of specifically detecting or identifying an Fn 
microorganism. 

The PCR method is a method to amplifying genes commonly 
practiced by one skilled in the art, and fundamental techniques 
are described below briefly. 

A double-stranded DNA used as a template is separated 
into single-stranded DNAs by heating (the thermal 
denaturation) . Then the annealing process is carried out 
so as to sandwich a target region of the each single-stranded 
DNA by hybridized sites in such manner that oligonucleotides 
referred to as primers are hybridized with sites of the 5' 
terminal of the respective single-stranded DNAs which have 
separated by the aforementioned thermal denaturation process 
and have a complementary relationship with respect to the 
separated counter part. When a Taq DNA polymerase is made 
to act in the presence of 4 kinds of dNTP (deoxyribonucleotide 
triphosphates) as substrates, the nucleotides are added to 
the 3 1 terminal of the primer in accordance with the nucleotide 
sequence of the template, resulting in the extension of the 
DNA chain (extension reaction) . By repeating this reaction, 
a large amount of the DNA fragment containing the target region 
can be obtained. For the reaction of primer-synthesis or 
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chain-extension, a dUTP may be used as the substrate instead 
of the dTTP among the dNTPs. 

In the present invention, the PCR method preferably 
employs the following temperature condition in a single cycle : 
a thermal denaturation for converting a double-stranded DNA 
into a single strand is carried out at 90 to 98 °C; an annealing 
reaction for hybridizing the primer with the template DNA 
is carried out at 37 to 65 °C; and, an extension reaction 
for allowing a Taq DNA polymerase to exert the effect is carried 
out at 50 to 75 °C. By repeating this cycle for several ten 
times, a target sequence can be amplified. After the PCR, 
the amplification product is separated for example by an 
electrophoresis, subjected to a nucleic acid staining for 
example with ethidium bromide, and then can give a judgement 
that the microorganism to be detected is present in the sample 
if the chain length of the amplified polynucleotide sequence 
is equal to the chain length of the target sequence. For 
detecting the amplified polynucleotide sequence, a high 
performance liquid chromatography is also effective. 

When an additional sequence extends from the 5 1 terminal 
of an essential part of the nucoleotide sequence ( For example, 
essential for the primer (A) is a sequence which is depicted 
as a portion or a whole of a region between nucleotides 1 
to 39 of SEQ ID No . 3 and has at least ten nucleotides in length, 
or essential for the primer (B) is a sequence which is depicted 
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as a portion or a whole of a sequence complementary to a region 
between nucleotides 863 to 883 of SEQ ID No. 3 and has at least 
ten nucleotides in length) , the additional portion in the 
primer chain length is imparted to an amplification product. 
To the contrary, the use of one having a shorter 5 1 terminal 
results in an amplification product which is shorter by such 
a deleted portion. The primers may be labeled with one or 
more selected from biotin, digoxigenin, FITC (fluorescein 
isothiocyanate) , acridine, dinitrophenyl, alkaline 
phosphatase, luciferase and [ 32 P]dNTP. 

While various biological sample may be suggested as 
a sample to be subjected to the invention, those which may 
be exemplified are saliva, tongue plaque, supragingival 
plaque, subgingival plaque, oral mucosa, gingival crevice 
fluid, blood, cerebrospinal fluid, suppurative focus sample, 
feces, urine or cultured materials of these biological 
materials . 

A biological sample thus obtained can be subjected to 
a PCR directly or after a DNA extraction. The DNA extraction 
may be conducted by a conventional method. For example, the 
DNA extraction may employ one or more of an alkaline extraction 
or surfactant extraction, enzyme treatment, boiling and the 
like, and may also employ a commercial kit. 

A sample containing the DNA extracted froman organism 1 s 
body may further be purified by a conventional method. For 
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example, the DNA purification may employ one or more of a 
high performance liquid chromatography or alcohol 
precipitation, salting-out, silica gel column, silica gel 
membrane and the like, and may also employ a commercial kit. 

The primers and the amplification products are also 
useful as probes for detecting an Fn microorganism. The 
amplification products may be converted into DNA fragments 
having suitable lengths using restriction enzymes and the 
like. Such restriction enzymes are one or more of RcoR I, 
Mse I, Ban II, Alu I, Mbo I, Fok I, Taq I, Mbo II, Hinf I 
and Ava II. A DNA fragment obtained by a restriction enzyme 
treatment is preferably purified by means of an 
electrophoresis, high performance liquid chromatography, 
silica gel column, silica gel membrane, nylon membrane and 
the like. 

Any of these probes can be labeled with a label. The 
probe may be labeled with one or more of biotin, digoxigenin, 
FITC (fluorescein isothiocyanate) , acridine, dinitrophenyl, 
alkaline phosphatase, luciferase or [ 32 P]dNTP. 

Any of these probe can be bound to a support and employed 
as a DNA chip. The method for producing a DNA chip may be 
any conventional method. For example, it may employ a probe 
alignment type in which a probe is aligned on a chip substrate, 
or a probe synthesis type in which a DNA extension reaction 
is performed directly on a substrate such as a glass or silicon 
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to form a probe DNA. Alternatively, a commercial DNA chip 
producing device may be employed, and the reading may be 
effected using a DNA chip reader. 

A kit for detecting and identifying a microorganism 
comprises proves and/or primers according to the present 
invention. It may also contain other components such as a 
Taq DNA polymerase, other enzymes, substrates such as dNTPs 
and the like, as well as buffer solutions. 

EXAMPLES 

The present invention is further described in the 
following Examples which are not intended to restrict the 
invention. 

[Example 1] Fn microorganism detection 1 

Using the following primers, a standard microorganism 
of Fusobacterium nucleatum was detected. 
Forward primer : 5 ' - AACGTGCGGATGGATCAC- 3 ' 
Reverse primer : 5 1 - CT AC GC C AAACG ACT AAT T C G - 3 ■ 

Three types of standard microorganisms of 
Fusobacterium nucleatum ( Fusobacter ium nucleatum ATCC2 5 58 6, 
ATCC10953, ATCC23726) were incubated anaerobically in a 
modified FM medium (available fromNISSUI PHARMACEUTICAL CO. , 
LTD.) at 37 °C for 3 to 5 days, and the colonies formed were 
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taken at one supatula-f ull amount of platinum loop and 
processed using a commercial kit (QIAGEN K. K. , DNA mini-kit) 
to obtain a DNA extract. 1 \il of the DNA extract was combined 
with 1.5 [il of 50 mM MgCl 2 solution, each 2 |al of 2 mM dNTP 
solutions (Applied Biosystems) , 1 \il of a 12 . 5 pmol/jj.1 forward 
primer solution, 1 jal of a 12 . 5 pmol/jal reverse primer solution, 
0.5 jxl of a 5 U/yil Taq DNA polymerase solution (Applied 
Biosystems) , 5 jj.1 of an Ampli Taq Gold buffer solution (Applied 
Biosystems) and a sterilized ultrapure water at a volume to 
obtain the total volume of 50 |nl, thereby obtaining a reaction 
solution. 

Conditions of the PCR reaction was as described below, 
and the cycle of the PCR employing such conditions was repeated 
40 times. 

Thermal denaturation: 94 °C, 30 seconds. 
Annealing: 55 °C, 30 seconds. 
Extension reaction: 72 °C, 30 seconds. 

The procedure was conducted using a GeneAmp 9700 system 
of Applied Biosystems. The presence or absence of the 
amplification products was determined by a conventional 
agarose electrophoresis. The agarose gel for the 
electrophoresis was provided, and placed in a running device 
which had previously been filled with a TAE (tris-acetate, 
ethylenediamine tetraacetic acid) buffer solution, and then 
the PCR reaction product was applied onto the sample groove. 
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After running for 15 minutes at 100 V, the agarose gel was 
soaked in an ethidium bromide solution for 30 minutes to stain 
the nucleic acid. After the staining, the bands of the 
amplification products were identified using an UV 
transilluminater . The results of the electrophoresis are 
shown in FIG. 2. In the figure, Lane 1 represents a marker, 
Lane 2 represents ATCC25586 strain, Lane 3 represents 
ATCC10953 strain and Lane 4 represents ATCC23726 strain. All 
of the three microorganisms of Fusobacterium nucleatum 
exhibited the band representing the amplification product 
of about 900 bp. 

[Example 2] Fn microorganism detection 2 

Using the primers shown below, the test was performed 
similarly to Example 1. 

The primers employed in this Example are shown below. 
Forward primer : 5 1 -GGATTAGATACCCTGGTAGTC-3 ' 
Reverse primer : 5 1 -GCCATCACCCAAATGG- 3 1 

Fusobacterium nucleatum (ATCC25586 

strain) exhibited the band representing the amplification 
product of about 1500 bp. 

[Comparative 1] PCR of Fusobacterium genus bacteria other 
than Fn microorganism and human-derived cell 

Test bacteria and test cells subjected are 5 bacteria 
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other than the Fn microorganism, namely, F.naviforme 
(ATCC25832) , F. periodonticum (ATCC33693) , F . necr ophorum 
(ATCC25286), F.varium (ATCC8501) , F.russii (ACTT25533) as 
well as normal human gingival fibroblast (ATCC CRL12 92) . 

The normal human gingival fibroblast was incubated for 
72 hours at 37 °C under an atmosphere of 5% CO2 in a modified 
EAGLE medium (available f rom Dulbecco) supplemented with 10% 
fetal bovine serum, and then recovered, washed with a 
physiological saline, and then nucleic acid was isolated. 
Otherwise, the bacteria strains were processed similarly to 
Example 1 . 

The results of the electrophoresis are shown in FIG. 
3 . In the electrophoresis images, Lane 1 represents a marker, 
Lane 2 represents F.naviforme, Lane 3 represents 
F. periodonticum, Lane 4 represents F. necrophorum, Lane 5 
represents F.varium, Lane 6 represents F.russii, and Lane 
7 represents the normal human gingival fibroblast. No lane 
exhibited a band showing the amplification product. 

[Example 3] PCR of biological samples 
1. Preparation of samples 

Saliva, tongue plaque, subgingival plaque and oral 
mucosa were taken as biological samples from 5 subjects. The 
sampling method is as described below. 
(1) Saliva 
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1 ml of saliva was taken and centrifuged at 5000 g for 
5 minutes. The supernatant was discarded, and the residue 
was combined with 1 ml of PBS (phosphate buffered saline) 
and resuspended. This procedure was repeated three times 
and the sample after being washed was subjected to the DNA 
extraction. 

(2) Tongue plaque 

A lingual brush was used to rub the tongue to collect 
the tongue plaque. A 10 mg aliquot of the tongue plaque was 
combined with 1 ml of PBS, suspended and centrifuged at 5000 
g for 5 minutes. The supernatant was discarded, and the 
residue was combined with 1 ml of new PBS, resuspended, and 
centrifuged again at 5000 g for 5 minutes. This procedure 
was repeated three times, and then the sample after being 
washed was subjected to the DNA extraction. 

(3) Subgingival plaque 

2 Paper points (available from United Dental 
Manufacturers Inc) were inserted into a single periodontal 
pocket to collect the subgingival plaque . These paper points 
were shaken under vortex vigorously for 1 minute in 1 ml of 
PBS to recover the deposited materials. The paper points 
were removed and the suspension was centrifuged at 5000 g 
for 5 minutes . The supernatant was discarded, and the residue 
was combined with 1 ml of PBS to resuspend the sample, which 
was centrifuged at 5000 g for 5 minutes. This procedure was 
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repeated three times, and the sample after being washed was 
subjected to the DNA extraction. 
(4) Oral mucosa 

A seed swab was used to collect a buccal mucosa. The 
collected material was suspended in 1 ml of PBS. The 
suspension was centrifuged at 5000 g for 5 minutes. The 
supernatant was discarded, and the residue was combined with 
1 ml of PBS to resuspend the sample, which was centrifuged 
at 5000 g for 5 minutes. This procedure was repeated three 
times and the sample after being washed was subjected to the 
DNA extraction. 

Otherwise, the procedure similar to that in Example 
1 was employed. The results of the electrophoresis are shown 
in Figures 4(1) to 4 (4) . FIG. 4(1) shows the results of the 
detection from the saliva, FIG. 4(2) shows the results of 
the detection from the tongue plaque, FIG. 4 (3) shows the 
results of the detection from the subgingival plaque and FIG. 
4(4) shows the results of the detection from the oral mucosa. 
In each figure which shows the electrophoresis images of 
respective collected samples, Lane 1 represents a marker, 
Lane 2 represents Subject A, Lane 3 represents Subject B, 
Lane 4 represents Subject C, Lane 5 represents Subject D and 
Lane 6 represents Subject E. About 900 bp band was observed 
in 3 out of 5 subjects with the saliva, 4 out of 5 with the 
tongue plaque, all of 5 with the subgingival plaque and 1 
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out of 5 with the oral mucosa . 

[Example 4] Quantitative PCR of biological samples 

Using the subgingival plaque samples subjected in 
Example 3, a quantitative PCR was conducted. As a nucleic 
acid assay reagent, 5 |Lil of an SYBR Green (available from 
Molecular Probe) which had been subjected to a 3000-fold 
dilution was used. 1 p.1 of the primers described below which 
had been diluted to 12 . 5 pM with a sterilized ultrapure water 
was used. 

Forward primer : 5 1 -AACGTGCGGATGGATCAC-3 ' 
Reverse primer : 5 ' -TCTAAAGAAATTGTTTAGAG- 3 ' 

Other reagents were similar to the reaction solution 
components in Example 1 . They were mixed to prepare a reaction 
solution, which was then subj ected to a quantitative PCR using 
an ABI prism 7000 system of Applied Biosystems. The results 
are shown in Table 1. 



Table 1 



Subject 


Bacterial count (copies/collection site) 


A 


1.9E + 04 


B 


5.8E + 06 


C 


2.5E + 04 


D 


3. IE + 02 


E 


8.0E + 01 
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[Example 5] Semi-nested PCR of biological sample 

Using the primers shown below, a semi-nested PCR 
consisting of a 2-stage PCR was conducted. 

Primers for 1 1 st stage PCR: 
Forward primer : 5 ' -AACGTGCGGATGGATCAC-3 1 
Reverse primer : 5 1 -CTACGCCAAACGACTAATTCG-3 1 

Primers for 2 1 nd stage PCR: 
Forward primer : 5 ' - AACGT GCGGAT GGAT C AC - 3 f 
Reverse primer : 5 1 -TCTAAAGAAATTGTTTAGAG-3 1 

AS a biological sample, the saliva in Example 3 was 
employed . Both of the PCRs in the 1 1 st and 2 1 nd stages involved 
40 cycles of the amplification. Otherwise, the procedure 
similar to that in Example 1 was conducted. The results of 
the electrophoresis are shown in FIG. 5. In the figure which 
shows the electrophoresis images of respective collected 
samples, Lane 1 represents a marker, Lane 2 represents Subject 
A, Lane 3 represents Subject B, Lane 4 represents Subject 
C, Lane 5 represents Subject D and Lane 6 represents Subject 
E. A band showing the amplification product was observed 
in 3 out of 5 subjects. 

[Example 6] Nested PCR of biological sample 

Using the primers shown below, a nested PCR consisting 
of a 2-stage PCR was conducted. The results were similar 
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to those in Example 5. 

Primers for 1 1 st stage PCR: 
Forward primer : 5 1 - CGT C AC ACC AC G AG AGT T GG - 3 1 
Reverse primer : 5 1 -CTACGCCAAACGACTAATTCG-3 1 

Primers for 2 1 nd stage PCR: 
Forward primer : 5 ' -AACGTGCGGATGGATCAC-3 • 
Reverse primer : 5 1 -TCTAAAGAAATTGTTTAGAG-3 1 

[Example 7] DNA chip employing Fn microorganism-specific 
probe 

A probe obtained in Example 1 was labeled f luorescently 
by a standard method, and adsorbed on a glass plate. The 
plate was reacted with the DNA obtained from the saliva sample 
in Example 3. The results are shown in Table 2. 



Table 2 



Subject 


Fn microorganism detection 


A 


Detected 


B 


Detected 


C 


Detected 


D 


Not detected 


E 


Not detected 



[Example 8] Detection kit employing Fn 

microorganism-specific probe 
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A probe obtained in Example 1 was labeled f luorescently 
by a standard method, and adsorbed on glass beads. The beads 
were reacted with the DNA obtained from the saliva sample 
in Example 3, and then allowed to develop a color by a standard 
method. The results are shown in Table 3. 



Table 3 



Subject 


Fn microorganism detection 


A 


Detected 


B 


Detected 


; C 


Detected 


D 


Not detected 


E 


Not detected 
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